To investigate the prevalence of tonsillar human papillomavirus infection in İstanbul, the most populous city of Turkey.
Introduction
Smoking and alcohol consumption are the major risk factors for squamous cell carcinoma, the most common histologic type of head and neck cancers (1) . Although the incidence of smoking-related head and neck cancers decreased with anti-smoking campaigns, the frequency of oropharyngeal cancers increased (2, 3) . Oropharyngeal cancers are most commonly seen in the tonsils. Recently, Human Papilloma Virus (HPV ) is observed to be closely related to the oropharyngeal carcinogenesis, hence emerged as a new etiological factor. Studies show that HPV-16, which is a high-risk carcinogen subtype of HPV, is detected in more than half of the specimens of oropharyngeal cancers (4) (5) (6) . A study conducted in Turkey in the years 1996-2003 found the prevalence of HPV in oropharyngeal cancer patients to be 38.4% (7) . In the same study, the prevalence of HPV in oropharyngeal cancers was found to be 62.7% between 2004-2011.
Human Papilloma Virus is a DNA virus that contains small, double-stranded and circular genome. More than 200 identified subtypes of the virus are divided into two groups as low-risk, and high-risk (8) . HPV-16 and HPV-18 are the most commonly observed types of the high-risk group.
In the first stage of HPV-related carcinogenesis, the genome of the virus is integrated into the chromosomes of the target tissue. The integrated virus initiates the oncogenic process by leading to over-expression of E6 and E7 and suppressing Rb, and p53 (8) . Anogenital cancers are the most commonly seen type among HPV-related cancers, and cervix cancers constitute the significant subgroup. HPV-specific molecular tests are widely used in the detection process of HPV in precancerous lesions of the cervix. These tests facilitate the early detection and the treatment of the cervix cancer (9). This improvement, however, hasn't been achieved for oropharyngeal cancers yet. Screening of HPV infection for oropharyngeal cancer is as significant as for genital cancer.
There are many studies on the prevalence of HPV infection. Methods and sites of specimen collection vary among these studies. Most commonly preferred methods for the identification of viral DNA include sampling by oral rinse or mouthwash, buccal mucosa swabbing, sampling of saliva, and tonsillectomy. Oral rinse and saliva sampling both provide the sampling of the oral cavity and the oropharynx at the same time, an approach that could be a disadvantage in identifying the exact localization of the infection (10) . Sampling from the buccal mucosa are mainly used for detecting the infection in the oral cavity. Therefore, sampling from the tonsillar tissue is the best method for detecting HPV-related oropharyngeal (or tonsillar) carcinoma. In most of the studies on the prevalence of HPV infections, tonsillectomy specimens were used (11) . Its prevalence among the patients who undergo tonsillectomy due to recurrent\chronic tonsillitis or tonsillar hypertrophy could be unsatisfactory when the whole population is considered. In our study, we aimed to investigate the prevalence of HPV in the broader population by obtaining the tonsillar tissue of the cadavers during routine autopsies. To the best of our knowledge, this is the only study, which aims to explore the prevalence of HPV in the tonsillar tissue among the Turkish population.
Methods
Ethics committee approval was obtained from the Department of Forensic Medicine Institution, Education and Scientific Research Commission (06.08.2015-21589507/704). The study included morphologically normal 206 tonsillar tissues, which were obtained from cadavers over 18 years of age. Palatine tonsil samples were collected from the Forensic Medicine Institution from January 2016 to May 2016. Any cadavers with unknown time of death, or death by burning, choking, hanging, penetrating neck traumas, or those who were pre-mortally intubated, and foreign nationalities were all excluded. Age, gender and the cause of death of all cadavers were noted. The duration between the time of the death and the autopsies were no longer than 24 hours. Due to the inadequate exposition of the oropharynx in the cadavers, tonsillectomies were performed by transcervical cold dissection method via neck incision, which is routinely performed during autopsy after the examination of the neck structures. After routine dissection of the larynx, the tongue and the tongue base from the prevertebral fascia, tonsils were removed by the transcervical method and kept under -80 o C in sterile containers.
Nucleic acid purification and genotyping of the samples
Tonsillar tissues, which were kept under -80 o C and viral transport conditions, were dissolved. Sampling and defragmentation were done using lancets, and thereby preliminary homogenization was achieved. The fragmented tissue was transferred to the screw cap tube. 250 µl 1X polymerase chain reaction (PCR) buffer and 50 µl proteinase K were added to the tube and the mixture was vortexed. Then the mixture was incubated in the heating block for two hours for preliminary lysis. Nucleic acid samples were obtained from these homogenized mixtures by using the Quiagen EZ1 Virus Mini Kit (Quiagen, Germany). The instructions of the manufacturer were followed in this process. HPV DNA analysis was achieved by using primers My09-11 and Gp05-06 (Invitrogen, Germany) via nested PCR. In the first stage, My09-11 primers were used. Nucleic acid samples were processed through PCR by using human beta-actin primers. Thereby, the possibility of the presence of any PCR inhibitors in the samples and following false negative results were excluded. In the second stage, GP05-06 primers were used for PCR. PCR products were processed in 1.5% agarose gel electrophoresis for the control and evaluation stage (Midicell Primo, Thermo Scientific, USA). Bands were observed in the gel imaging system (Biorad, Germany) and positive band images in 200 bp were recorded. These PCR products were kept under -20 o C to be processed with bi-directional sequence analysis.
Polymerase chain reaction products that were positive for DNA sequence analysis were purified using a Gene Matrix Basic DNA Purification Kit according to the instructions of the manufacturer. Sequencing was processed bi-directionally using the DyeTerminator method (BigDye Terminator v3.1 Kit Applied Biosystems, Foster City, USA). The data collected from the genetic analysis device were edited and bi-directionally sequenced. These sequences were integrated into the GenBank® and the most overlapped types were detected for each sample. 
Results
The study included the tonsillar tissue samples from 206 cadavers. 166 (80.6%) cadavers were male and 40 (19.4%) were female. The mean age of the cadavers was 43.07±17.86 . Figure 1 shows the number of cadavers for the age groups. Four (1.94%) cases were detected to be HPV-positive ( Table 1 ). All these cases were male, and their mean age was 44.75±19.25 . Regarding the sub-typing of four HPV-positives cases, HPV-16 was detected in one case, and other three cases had HPV-82, HPV-55, and HPV-13, respectively. The prevalence of HPV-16, which is known to be the high-risk HPV, was 0.48%.
Discussion
Viral etiology is thought to be responsible for 15% of all cases of cancer (12) . HPV is one of the most common agents.
After the recent documentation of the relationship between oropharyngeal cancers and HPV, the significance of HPV infection has remarkably increased. There are many studies in the literature concerning the prevalence of oropharyngeal HPV infection in many countries ( Table 2 ). In this study, the prevalence of all subtypes of HPV was found 1.94%. The prevalence of HPV-16, which is the most commonly detected subtype of high-risk HPV, was found 0.48%. In the literature, the prevalence of all subtypes is reported to vary between 1.25%-20%. The rates of high-risk HPV and HPV-16 vary between 0-10.7% and 0-6.3% (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . The rate of oropharyngeal HPV infection in the current study is lower than those reported in previous studies. This result could be related to the sociocultural features of the studied population.
To verify this fact, we need further studies which regard all the demographic features of the Turkish population.
Gillison et al. (20) reported that all oropharyngeal HPV infections and its HPV-16 subtype were detected three times and five times more, respectively, in males than in females. Rosen et al. (19) reported that these rates to be two times and four times higher, respectively. On the other hand, a study conducted with 500 Italian subjects ages 19 to 35 years didn't demonstrate any statistical significance between males and females (22) . In our study, all subjects were male.
Previous studies reported that the prevalence of oropharyngeal HPV infection increases with the age. Among their male subjects aged from 18 to 74 years, Kreimer et al. (13) found that the prevalence of HPV was at its lowest level of 3.2% between the ages of 18-24 and at its highest level of 6.1% between the ages of 55-74 years. Similarly, in a study with 5,579 subjects, Gillison et al. (20) found a 6.9% prevalence of HPV, with 11.2% and 11.4% in the subgroups of 55-59 and 60-64 years of age, respectively. This increment could be related to many factors. Most commonly proposed factors are the increment of oral HPV incidence with age, persistent and reactivated oral HPV infections and the immunologic deficiencies in elderly population (20) (21) (22) (23) . In our study, the mean age of four HPV-positive cases was 45 years, and the one HPV16-positive case was at the age of 67.
In studies on oropharyngeal infections, the methods of sampling and the demographic features of the related population vary widely (13, 14) . In the healthy population, the most commonly used methods for sampling are oral rinse and mouthwash. These methods provide a simple sampling of the oral cavity and the oropharynx. The main disadvantage of this technique is the incapability of detecting the primary location of the infection. Furthermore, HPV is mainly located deep in the crypts of the tonsillar tissue, and oral irrigation is usually insufficient for detecting the HPV DNA (18) . Relying on the fact that tonsillar tissue is the most common localization of HPV-related oropharyngeal carcinoma, the research of its prevalence is commonly performed on tonsillectomy specimens. The main disadvantage of this method is the limitation of the subject group regarding the different indications of the operation such as recurrent tonsillitis, chronic tonsillitis, and tonsillar hypertrophy (11) . We investigated the tonsillar tissue of cadavers that underwent a routine autopsy. Therefore, the main advantage of our study is its superiority in reflecting the normal population with a broader aspect of view.
The limitation of our study is the lack of information about the detailed demographic and behavioral features of the cadavers. Oral sex, increasing number of sexual partners and smoking are the main risk factors of oral HPV infection (20) .
Our study doesn't include adequate information about these factors.
Conclusion
The prevalence of tonsillar HPV infections in Istanbul, Turkey is 1.94%, and the prevalence of HPV-16 infection is 0.48%. Tonsillar HPV infection is more common in men than women.
